Abstract-A field experiment was conducted during 2014 and 2015 rainy season at Tudun Wada, Kano and Samaru, Zaria in the Northern Guinea Savanna of Nigeria in order to study the Effect of plant population on the growth of hybrid-maize. The experiment consisted of two plant populations of 53,333 plantha-1 and 88,888 plantsha-1 as main plot and 8 drought-tolerant maize hybrids and 2 controls as sub-plot laid out in a randomized split plot design and replicated three times. Growth responses were significantly affected by plant populations at both locations. Interaction between hybrids and plant population was significantly affected. Based on these results, increasing plant population significantly increased the physiological activities and decrease the phenology of hybrid-maize. However newer hybrids were more tolerant to high plant population than the older hybrids. Therefore the recently released hybrids were more adapted to biotic stresses.
I. INTRODUCTION
Maize (Zea mays (L.)) belongs to the monocotyledonous family "Poaceae" that embraces all cereal crops. It is an annual short days, cross pollinated crop having an erect stem which bear alternate leaves tassel at the top and auxiliary female inflorescence known as ear in the middle (Azam, 2007) . Based on area and production, maize is ranked the third most important cereal crop after wheat and rice (Kling, 1996) . Maize is an important crop for security, serving as cash and food crop and recently replacing some crops, such as sorghum in Nigeria, as the most consumed cereal. It is consumed as a vegetable although it is a grain crop Higher planting densities obviously create greater competition for input resources such as solar radiation capture, nutrient and water acquisition in densely packed root systems (Scheiner et al., 2000) . Population density, whether directly on the plant or indirectly on biotic factors associated with plant density is one of the most important factors in determining grain yield and other agronomic attributes of a crop (Sangoi, 2001 ).
Other researchers have investigated the agronomic responses, reproductive and biochemical responses of the drought tolerant hybrid. To the best of our knowledge, there are no known public and physiology-focused research publications that have investigated these recently released drought-tolerant hybrids. In response to these challenges, there is need to conduct further studies that are fundamental to identify the contribution of morphological, physiological, phenological and allometric traits to the putative improvement of modern-hybrids tolerance to high plant population densities. A deeper understanding of the physiological determinants of maize endurance to the population may play a pivotal role to accomplish greater yield plateau by revealing ways to achieve a better resource use and capture in the next decades. The study was therefore conducted to determine the physiological responses of hybrid-maize under high population density.
II. MATERIALS AND METHODS
The experiment was conducted in two locations at Samaru Zaria ( 
24
' E) in the northern Guinea Savanna. The experiment consisted of two plant population levels (88,888, and 53,333 plantsha -1 ) at 15cm and 25cm intra row spacing, as main plot with ten maize varieties (8 drought-tolerant maize hybrids and two controls) as the sub-plot. Each plot size measured 3 m × 5 m (15 m 2 ) consisting of 4 rows of 0.75 m apart and 5 m in length, while the net plot size measured 1.5 m × 5 m (7.5 m 2 ). Alley way of 0.75 m between plots and 2 m between replications giving a total area of 1848.75 m 2 per replication and 5981.25 m 2 for the gross experimental area. The land was ploughed and ridged with work bulls mounted with plough. The ridges were made 0.75 m apart and the plots were then laid out as per the number of treatment. Four seeds were planted per holes and thinned to 2 plants per stand. The first dose of Nitrogen at the rate of 15 and 60Kg N/ha was applied at 1WAS (weeks after sowing), using NPK 15:15:15. Nitrogen through urea granules (46%) was applied at 4 WAS using band application. After planting, the area was sprayed with preemergence herbicide Gramoxone (1:1-dimethyl-4, 4-bipyrisdinum dichloride, manufactured by Syngenta Crop protection AG, Switzerland) at the rate of 276 g a.i/liter and 2 liters/ha. Weeding was done at 3 WAS, using a hoe. At 6 WAS, weeding was done by hand pulling method. Pests and diseases attacks were treated using appropriate agrochemicals at the recommended rates. Harvesting was carried out when the cob reached maturity, from the net plot i.e the two inner most middle rows in the plots. Soil samples from all the locations (Shika, Zaria and Tudun Wada) were collected at 0-15 cm and 15 -30 cm depths prior to nitrogen application/planting and these were analyzed for physicochemical properties; texture, available P, total N, pH, organic carbon and exchangeable bases. Data on rainfall was utilized in the two locations for the purpose of this study. This was determined using Weather Stations device (2000 Series, Spectrum Technologies, USA). Data was collected from the two middle rows and a distance of two stands at the ends of each middle row was allowed to serve as borders. Observations were made and data was collected for growth and physiological parameters.
Data were collected on the following parameters: Number of Plants per Net Plot: plants were counted at the onset of tasselling from the two inner most rows in each plot. Plant height at maturity (cm): At maturity, five plants were selected randomly from each plot. Their height was measured from the soil surface to the tip of panicle / flag leaf with the help of a meter rod and average height and ear were calculated. Chlorophyll content: was estimated using Minolta chlorophyll meter (SPAD 502, Illinois U.S.A). Intercepted photosynthetically active radiation (PAR) and leaf area index (LAI): were measured simultaneously during flowering using a Ceptometer (Decagon Devices, Inc. Pullman, USA). Number of days to 50% tasseling: number of the days from sowing to when 50% of the plants in the net plot had tassels (Anthesis Date) was taken and recorded. Number of days to 50% silking: number of days from sowing to when 50% of the plants in the net plot had silk extrusion (Silking Date) was taken and recorded. Anthesis-silking interval (ASI): was calculated as the interval in days between 50% anthesis and 50% silking. Number of days to maturity: number of days from sowing to when 95% of the cobs in the net plot reached physiological maturity (turn brown) was taken and recorded.
The data thus obtained were subjected to the analysis of variance technique by using GENSTAT computer software and means were separated by LSD test.
III. RESULTS AND DISCUSSION

A. Plant Height at Maturity (cm)
Plant height is an important component which helps in determining the growth attained during the growing period. The data showed that plant height was not significantly affected by plant population in 2014 ( 
C. Leaf Area Index (LAI):
LAI is an important parameter of maize. The data regarding LAI as affected by plant population are given in table-1. It is revealed that LAI was not significantly affected by plant population. Interaction among hybrids was significantly affected in terms leaf area index at Tudun Wada in 2014 but not significantly different at Zaria (table 3) , highest leaf area index was recorded with hybrid M1026-13 (3.55) and lowest with hybrid obasuper-1 (2.11) at plant population of 88,888 plantsha-1. Sangoi et al., (2002) speculated that hybrids vary in plant height, leaf number, leaf area, leaf length and leaf area along the main stem. Valadabadi and Farahani (2010) investigated that leaf area is influenced by genotype, plant population, climate and soil fertility. They further reported that highest physiological growth indices are achieved under high plant density, because photosynthesis increases by development of leaf area. In our research, the increase in LAI explains the general crop trends that increasing plant density increases leaf area index on account of more area occupied by green canopy of plants per unit area. Previous research findings also indicated that in high maize density, leaf area index, total dry weight and crop growth rate increased than low maize density throughout crop growth season (Saberali, 2007) . In 2015, leaf area index was not significantly affected by plant population, interaction among hybrids was also not significantly affected in terms leaf area index at both Tudun Wada and Zaria.
D. Photosynthetic Active Radiation (par):
Photosynthetic active radiation was not significantly affected by the main effects of plant population, but significantly affected hybrids and the interaction between plant population and hybrids at Tudun Wada. Scheiner et al., (2000) postulated that higher planting densities create greater competition for input resources such as solar radiation capture, nutrient and water acquisition in densely packed root systems. Highest photosynthetic active radiation (table 4) and interaction between plant population and hybrids was recorded with hybrid M1026-13 (0.80) and lowest with hybrid obasuper-1 (0.68) at plant population of 88,888 plantsha-1 at Tudun Wada in 2014 but was not significantly different at Zaria. In 2015, photosynthetic active radiation was significantly affected by the main effects at Zaria, plant population of 88,888 plantsha-1 (0.77) recorded the highest par while plant population of 53,333 plants ha-1 (0.65) recorded the lowest par. Photosynthetic active radiation was not significantly affected by hybrids and the interaction between plant population and hybrids at both TudunWada and Zaria. This trend explains that as the number of plants increased in a given area the competition among the plants for nutrients uptake and sunlight interception also increased (Sangakkara et al., 2004 ).
E. Days to Flowering:
Perusal of the data regarding days to flowering in 2014, revealed non-significant effect for plant population, hybrids and interaction between plant population and hybrids differ significantly (Table-4 ). Hybrids M0826-7 and Obasuper-1 took maximum days to flowering (88 and 89) and hybrid M1227-12 took minimum days to flowering (82) at Tudun Wada. Similarly interaction between plant population and hybrids indicated that hybrid Obasuper-1 took maximum (90) days to flowering at both plant populations of 88,888 and 53,333 plants ha-1 at Tudun Wada in 2014. At Zaria, data regarding days to flowering revealed non-significant effect for plant population, hybrids and their interaction. In 2015, data on table 7 revealed non-significant effect on among hybrids and their interaction at both locations. However there was significant effect observed on days to flowering on main effects at Tudun Wada. Plant population of 53,333 plants ha-1 indicated maximum flowering (67) and minimum flowering (63) was recorded with plant population of 88,888 plantsha-1.
F. Days to Silking:
Data regarding days to silking of maize are presented in Table- 
hybrid M1227-12 at (83 and 81) at Tudun Wada in 2014. Modern hybrids showed greater tolerance than older hybrids. The fewer days to silking among hybrids demonstrated the loss of synchrony between male and female inflorescence, which was less pronounced in the modern hybrids at dense stands (Kamara et. al., 2006) . Statistical analysis of the data indicated that hybrids, plant population and their interaction hybrid x plant population did not significantly affected days to silking at Zaria. In 2015 data regarding days to silking of maize are presented in Table- 
G. Anthesis-Silking Interval (asi):
Data on table 4 shows the anthesis-silking interval of maize as affected by plant population in 2014 (table-4). Statistical analysis of the data indicated that plant population did not significantly affected anthesis-silking interval at both Tudun Wada and Zaria. Hybrids did not significantly differ in their anthesisi-silking interval at Zaria. At Tudun Wada, hybrid oba-98, M1026-10 and M1026-13 recorded delayed asi. Modern hybrids showed greater tolerance than older hybrids. The shorter anthesis-silking interval among hybrids demonstrated the loss of synchrony between male and female inflorescence, which was less pronounced in the modern hybrids at dense stands (Kamara et. al., 2006) Interaction among hybrids was significantly affected in terms of anthesis-silking interval of maize at both locations. Hybrid Oba 98 showed delayed anthesis-silking interval at plant population of 88,888 plants ha-1 (table 5) showing that it is less tolerant to the stress. Increase in plant population lengthened the anthesis-silking interval more drastically for the older hybrids than the modern hybrids (Sangoi et al., 2002) . At Zaria, hybrid M1124-4 showed delayed anthesis-silking interval at plant population of 53,333 plants ha-1. Hybrid Oba super-1 showed delayed anthesis-silking interval at plant population of 88,888 plants ha-1. In 2015, however there was no significant effect observed among hybrids and their interaction at both locations (table-7). Significant effect was observed on the main effect on asi at Tudun Wada. Plants grown under plant population of 53,333 plants ha-1 recorded minimum asi (3) and maximum asi (4) was recorded with plant population of 88,888 plants ha-1. This work is in line with the work of sangoi et al., (2002) who reported that maize protandrous development pattern at dense stands increases the anthesis-silking interval. Kamar et al., 2006 speculated that high plant densities increases anthesis-silking interval.
H. Days to Maturity:
Phenological development varied slightly due to different planting dates and climate conditions. Days to maturity was not significantly affected by hybrids and their interaction at both locations in 2014 and 2015 (table-4 and table-7) . Significant effect was observed at Zaria in 2015 on plant population in terms of days to maturity. Plant grown under 53,333 plants ha-1 took longer days (98) to mature while those grown under plant population of 88,888 plants ha-1 took shorter days (96) to mature.
IV. CONCLUSION AND RECOMMENDATION
Based on the results of this study, increasing plant population did not significantly affect the physiological activities of maize-hybrids. High plant densities above 53,333 plants ha -1 increased the phenology of maize-hybrids which is characteristic of maize-hybrids under stress. Interaction was more pronounced at Tudun Wada than at Zaria during the year 2014 which may be due to climate and weather conditions of the experimental area. There were no interactions in the year 2015 which may be due to differences in climate and weather conditions among the years. However hybrids responded differently to plant population. The newer hybrids were more tolerant to high plant population than the older hybrids. This may be due to the fact that the maize hybrids evaluated were selected at high plant population and were therefore tolerant to plant population stress. Further experiments should be conducted considering different plant population to fully exploit the growth parameters of maize crop under local conditions as increasing number of drought-tolerant hybrids are being developed. Means followed by the same letter(s) within columns are not significantly different using Fisher's protected LSD Means followed by the same letter(s) within columns are not significantly different using DMRT. NS= Not significant at 5% level of confidence 
